ABSTRACT
In emerging economies, such as Turkey, periods of rapid changes in inflation are often accompanied by fluctuating interest rates. Because changes in interest rates raise the social cost of the standard fixed-rate mortgage (FRM) contract of developed economies, the inflationary environment creates incentives for developing alternative mortgage instruments. Thus, inflation-indexed mortgages, such as the Price Level Adjusted Mortgage (PLAM) and the indexed units of account (UDI) mortgage, and the dual-index mortgage (DIM) contract have become more popular in comparison to the standard FRM contract under highly volatile economic conditions.
Most of the emerging economies have experienced the traditional mortgage lending system (primary mortgage system), in which all the mortgage market functions are vertically integrated within a single depository institution. Only recently have some developing countries, such as China, Hong Kong, Singapore, Israel, and Poland, given importance to establishing a secondary market for mortgages. It is basically the success of the secondary mortgage market in the United States that has led many developing countries to introduce this technique as a way of enhancing the flow of funds to the housing sector. However, the readiness of an efficient primary mortgage market as a prerequisite for the establishment of a secondary market is often overlooked. In fact, a successful secondary market development cannot proceed unless and until the primary market is able to produce a sufficient volume of high quality mortgages that meet the requirement of investors.
As an emerging market economy, Turkey has experienced the basic problem of economic instability with highly volatile inflation and fluctuating interest rates from the early 1980s to 2000s. However, in recent years the inflation rate has been cut back and brought under control. In this paper, first, we analyze the comparative performance of primary mortgage market instruments that are commonly used in other inflationary economies. In particular, we examine the default (credit) risk of alternative mortgage instruments by using the actual data representing the highly volatile economic environment in Turkey between 1998 and 2003. Then, we discuss the key issues to establish a sustainable secondary market under the circumstances that the stable economic conditions of the recent years persist for a certain period of time.
The remainder of the paper proceeds as follows. The next section outlines the mortgage markets and instruments both in developed and developing economies. The third section, first, examines the housing finance sector in Turkey in terms of the macroeconomic environment and mortgage instruments. Then it focuses on the residential lending system of Emlak Bank, which has been the leading lender during the last decade. This section, lastly, explains the wage-indexed housing loan (WIHL) contract that was originated by Emlak Bank in 1998 and compares the performance of this specific contract design with the standard mortgage contracts under the volatile economic environment in Turkey. In the fourth section, we describe the general primary mortgage market prerequisites for the development of a successful secondary market. This section also provides a discussion of establishing a secondary mortgage market in Turkey in the near future. The final section presents some concluding remarks.
AN OVERVIEW OF MORTGAGE MARKETS
A mortgage loan, or simply mortgage, is a loan secured by real property as collateral. The word mortgage comes from two Middle English words: gage meant an obligation or commitment, while mort referred to death or dying. Hence, a "dying commitment," that is, a commitment that is not permanent, but has a finite life. A mortgage obliges the borrower to make a predetermined series of payments. If the borrower defaults (fails to make the contracted payments), the mortgage gives the lender the right to foreclose on the loan and seize the property in order to ensure that the debt is paid off (Geltner and Miller, 2001) .
In most developed economies, especially in the US economy, the importance of the mortgage markets has been recognized widely and analyzed in the academic literature. This is because the mortgage market became the largest component of the fixed income market in the US capital markets. (1) Mortgage market development is a key factor in overall financial market development. An efficient mortgage market acts as a positive externality for the other capital markets, creating pressure for higher efficiency in these markets. On the other hand, a poorly functioning mortgage market is likely to pollute other financial markets with its inefficiency (Jaffe and Renaud, 1997).
In the United States and the United Kingdom (UK), prior to the 1980s, most housing loans were made by depository institutions, including commercial banks, savings and loan associations in the US, and the building societies in the UK. In a depository institution system, which is also called a primary mortgage system, all the mortgage market functions can be integrated vertically within the depository institution. In a depository institution structure, it is the particular form of the mortgage instrument that determines how the various risks are shared between the lender and borrower. For example, in the US mortgage market, before the 1980s, thrift institutions dominated the funding of residential mortgages. (2) Thrifts were constrained by regulation and provided incentive to invest almost exclusively in 30-year fixed-rate, level payment mortgages (FRMs) funded by insured deposits. During the 1980s, financial deregulation and the elimination of interest rate ceilings improved the financing options and the supply of credit available to house buyers. Deregulation facilitated the introduction of adjustable rate mortgages (ARMs), which improved affordability for borrowers (Diamond and Lea, 1992a) . In the UK mortgage market, the most popular form of mortgage was a 25-year, reviewable-rate endowment loan. The endowment mortgage contract is an interest-only loan. When the borrower issues this loan, he takes out a life insurance policy, which at maturity repays the principal balance on the loan. Endowment mortgages account for more than 75% of the total mortgage loans, with more traditional fixed payment amortizing mortgages accounting for less than 20% of the market. ARM loans with adjustment periods of up to five years were also being offered as an alternative housing finance instrument (Diamond and Lea, 1992b) The 1980s witnessed new developments in the mortgage finance systems, and secondary mortgage markets (SMMs) emerged in the developed economies as a solution for handling risk in the housing finance sector. In the SMM system, the mortgages are first originated by depository institutions or other mortgage bankers, but are then sold to financial investors, who hold the mortgages. There are different forms of SMM systems, based on differences in the instruments used for the mortgage sale and in the type of investors or institutions who buy the mortgages. In many developed countries, the SMM is dominated by large institutions which specialize in either purchasing mortgages or in lending funds to the institutions that hold the mortgages. In the United States, there are two governmentsponsored agencies, the Federal National Mortgage Association (Fannie Mae) and the Federal Home Loan Mortgage Corporation (Freddie Mac), which purchase mortgages directly from originators. Another government agency, the Federal Home Loan Banks, supports the mortgage market by lending funds to depository institutions, which then hold the mortgages. Mortgage securitization, another form for the SMM, has developed very rapidly in the United States and is used occasionally in Europe (Jaffee and Renaud, 1997; and Lea, 2000) . In the mortgage-backed securities market structure, financial institutions purchase mortgages from an originator, then the purchased mortgages are combined to form a mortgage pool and shares in the cash flow of the mortgage pool are sold to investors as mortgage securities (see Fabozzi and Modigliani [1992] for mortgage-backed securities).
In emerging economies, the provision of housing finance is very problematic because of the volatile macroeconomic environment and the lack of legal and regulatory framework that supports collateralized lending. In an inflationary environment, financing the long-term mortgage loans creates significant lending risks for mortgage lenders: (i) Legal risk, (ii) Credit risk, (iii) Interest rate risk, and (iv) Liquidity risk. Although the developed economies are now able to manage these lending risks through their specialized financial instruments and markets, the developing economies are still struggling with long-term lending risks, and how to regulate and manage the housing finance sector.
Legal Risk:
The property rights and foreclosure procedures that are needed for real estate to function as loan collateral are not well established in the legal and institutional structures of the developing economies. Erbafl and Nofthaft (2002) state that the developing countries have to pursue legal reforms because property rights, entitlement, eviction, and loan recovery are still on questionable legal grounds. According to the authors, property rights have to be clear and enforceable. If it is impossible to enforce the contracts, then lenders cannot move the households from their houses when they default. Thus, incomplete collateral and foreclosures laws create high lending risks for mortgage lenders.
Credit Risk: In developed mortgage markets, the risk of default on a real estate loan, or credit risk, usually is measured by two ratios. The payment-to-income ratio: the ratio of the annual mortgage payment to the borrower's annual income, and the loan to value ratio: the ratio of the mortgage loan amount to the property value. In developing economies, one of the primary problems is that average income to property value ratios tend to be considerably lower than those in the developed economies. (3) The low-income levels make housing loans extremely risky assets for mortgage lenders. The particular form of mortgage instrument is inflation-indexed mortgages; however, it is often the case that wage rates do not keep pace with inflation, especially in the short run, resulting in excessive payment burden for inflation-indexed mortgage loans (Manchester, 1985) . Thus, payment burden is a major cause of mortgage loan defaults, particularly in illiquid housing markets. Like payment burden, equity erosion of the borrowers is another cause of mortgage loan defaults. Changes in the market value of the house often lag behind inflation, causing the erosion of the borrower's home equity, when inflation-indexed mortgages experience significant growth in loan balances (Lipscomb and Hunt, 1999) . Since it is difficult to develop accurate methods of estimating property values under highly volatile inflationary conditions, the collateral values for loans may become inadequate when assets are incorrectly valued, resulting in too high loan-to-value ratios.
Interest Rate Risk: In developed economies, mortgage lenders are sometimes short funded. The short funding occurs when the maturity of the mortgage assets exceeds the maturity of the funding sources (such as bank deposits) of the lenders. While mortgage borrowers generally wish to match their durable housing assets with long-term mortgage loans, the depositors prefer the liquidity of shortterm investments. The short funding creates an interest rate risk for lenders because an increase in market interest rates raises the cost of deposits without immediately raising the return on the mortgage assets. Developed economies can manage to hedge against interest rate risk using capital market instruments, but they have a high cost, approximately equal to the difference between shortterm and long-term interest rates. Alternatively, the interest rate risk can be controlled using variable rate mortgages, but these instruments only transfer the interest rate risk to the borrower. In developing economies, capital market instruments are not available to hedge the interest rate risk; therefore, the variable rate mortgages are developed as the only solution for dealing with interest rate risk. Since these mortgage instruments totally transfer the interest rate risk to the borrowers and increase their incentive to default, variable rate mortgages tend to transform the banks' interest rate risk into credit risk (Jaffee and Renaud, 1997) .
Liquidity Risk: The depositors in developing economies are likely to value liquidity, reflecting the high risks associated with the macro-economy, and the consumer's individual needs for funds. The banks must therefore anticipate large and unexpected deposit outflows, which require that assets be rapidly sold to finance the deposit outflows. Unlike the government securities and business loans, mortgages do not have short-term maturities, and they do not trade in active and liquid markets. Thus, mortgages create significant liquidity risks for lenders.
HOUSING FINANCE IN TURKEY

Macroeconomic Environment
From the 1960s to the early 1990s, the housing finance system in Turkey was supported mainly by three institutional organizations: Social Security Institutions, Governmental Institutions (the Housing Development Administration [HDA] and the Ministry of Resettlement and Construction) and Commercial Banks. Between 1962 and 1984, the workers' social security fund provided housing loans to its members that allowed for the purchase of over 230,000 housing units. In 1984, the state founded the Housing Development Administration (HDA) in order to meet the housing demand and develop the housing construction sector. The HDA, working through its loan originator banks of Emlak Bank, Pamuk Bank, and Vak›f Bank has funded over 500,000 housing construction loans and over 250,000 long-term housing loans since its creation. Last, commercial banks developed their housing loan programs in the late 1980s as part of their consumer lending activity (Mae, 1992) .
The structure of the housing finance market basically has been monopolistic with very few lenders dominating the sector. The workers' social security fund, the leading lender of the market between the 1960s and the mid-1980s, was replaced by the HDA with its three loan originator banks from the mid-1980s to the 1990s. The commercial banks held a very low percentage of housing loans in their asset portfolios. The mortgages offered from the main lenders were all fully amortizing loans with loan-to-value (LTV) ratios that ranged from 20% to 80% at maximum. Although some HDA mortgages had terms of up to 15 years, the commercial banks were unwilling to lend for longer than five years.
In the early 2000s, the market value of housing loans began to grow considerably as a result of a compulsory change in the investment policies of the banks. Until the late 1990s the government was borrowing at high rates and banks were able to earn high income by investing in government bonds. However, as the supply of high-income government bonds dried up, banks moved into housing loans. (4) This significant increase in housing credits was basically due to the stable economic conditions in Turkey. During the last decade, two state-owned banks (Emlak Bank and Vak›f Bank) have dominated the housing finance market by having 87% to 97.3% of the total housing loans in their portfolios (see Figure 1 ). These two banks, which have been the main loan originators of the HDA since the mid-1980s, have been the dominant players with their alternative housing loan products in the housing finance market until recently. The HDA lost its monopoly as a housing finance institution because of the decreasing value of its fund under the weight of interest rate subsidies and its mortgage products with very low loanto-value ratios.
Emlak Bank and Vak›f Bank have worked closely, together with the government, on creating alternative mortgage (long-term, collateralized housing loan) contracts.
(5) However, an efficient mortgage lending system, which provides long-term and affordable mortgage loans to low-and middle-income households, did not exist in the country. Figure 2 shows that housing loans have had a very low percentage of the total consumer loans outstanding in the last eight years. Only recently, in 2000 Only recently, in , 2003 Only recently, in , and 2004 have they had relatively higher percentages of 12%, 7.8% and 13%, respectively. As stated by Türel (2000), for most moderate-to-middle income households, home ownership in the authorized market has been achieved through self-provision, either purchasing from a builder or an estate agent or acquisition through a cooperative.
The state of development of a country's mortgage market basically depends on the degree of macroeconomic stability. Macroeconomic stability is very important for several reasons. First, it has a major effect on the demand for mortgages. High rates of inflation and nominal interest rates are typical features of volatile economies that reduce the affordability of traditional mortgages of the developed economies. Experience in emerging market economies has highlighted the problems with the traditional fixed rate mortgages (FRMs). Over time, the real value of the loan payment, which is constant in nominal terms, is eroded by persistently high inflation. This decline in the real value of the payment over the term of the loan is known as the tilt problem. Since the tilt effect increases as inflation increases, it is clear that higher levels of inflation make it more difficult for households to be qualified for loans based on their current income. Standard adjustable rate mortgages (ARMs) reduce the tilt effect and enable mortgage lenders to manage moderate inflation risk. However, the ARM contract does not perform well in periods of high inflation by creating major payment shocks for borrowers who suddenly find their monthly payments increasing by more than their incomes.
A volatile economy also affects the supply of funds and the characteristics of mortgages offered by lenders. In a volatile environment, lenders are reluctant to offer long-term loans. This may lead them to not offer mortgages or only offer short-term loans that in turn are less affordable for borrowers.
In the last decade, the Turkish economy experienced price movements which have been high and volatile. The two financial shocks in 1994 and 2001 significantly increased the nominal interest rates over the inflation rate (see Figure 1 ). Under these circumstances, setting the mortgage rate based on market interest rates, as in the case of the FRM and ARM contracts, can create extremely high mortgage payments for borrowers, leading to high rates of mortgage defaults. Thus, the commercial banks did not originate long-or medium-term mortgage loans. The scarcity of funding sources due to the unpredictable inflation rate in the country is the basic impediments for the absence of an efficient mortgage lending system. More specifically, the banks were not willing to lend for long-term housing loans because of the lack of confidence in the economy and the indices used, concern regarding the credit-worthiness of the investment instrument, and the desire for liquidity.
Mortgage Instruments
In emerging economies, the importance of index-linked mortgages in facilitating long-term housing finance has been widely recognized in the existing literature. The Price Level Adjusted Mortgage (PLAM) and Dual Index Mortgage (DIM) contracts have played important roles in facilitating long- term mortgage lending and borrowing in emerging economies such as Chile, Brazil, Mexico, Ghana, Poland and Colombia. PLAM is designed to keep the real mortgage payments constant over the life of the mortgage. The initial payment is calculated based on the current prevailing real interest rate in the market. The subsequent nominal payments over the life of the mortgage are then calculated each year in line with the rate of inflation. The DIM contract is designed to make the mortgage both affordable for the borrower and profitable for the lender. It amortizes the loan with respect to two independent indices: an index reflecting the change in the borrower's wage and a financial index that reflects the cost of funds.
Another form of indexation is the "indexed unit of account," which was created in Chile in 1967. In 1995, Mexico introduced a price level-adjusting unit of account called the Unidad de Inversion (UDI). The UDI is an amount of currency that is indexed to inflation and is converted to pesos at the time of payment. UDI mortgages are a fixed real rate loan. The loan is repaid inline with the current value of the UDI index and an initial real interest rate, which is fixed over the mortgage maturity. Therefore, the indexation is achieved by quoting prices in a money-like unit rather than relying on an indexation formula as in the case of PLAM and DIM (see Shiller, 1997) .
In Turkey, as noted earlier, two state-owned banks have played an important role in residential lending during the last decade. Vak›f Bank has mainly originated dual index mortgage instruments. Emlak Bank originated foreign currency, especially Deutsche Mark, denominated housing loans in the early 1990s. When the Turkish Lira crashed against the Deutsche Mark in 1994's financial crisis, many borrowers defaulted on their loans. Thus, currency risk, which is an un-separable part of foreign currency loans, led to very high credit risk for the lender. Emlak Bank was affected adversely by the 1994 financial crisis and ceased virtually all residential lending activities by 1995. In 1998, Emlak Bank, in cooperation with the government, created index-linked housing loans, which is an alternative mortgage design for the high inflationary environment in Turkey.
Emlak Bank and its index-linked housing loans. Emlak Bank used the traditional mortgage lending system in which one institution performs the major functions of mortgage origination, servicing, funding and portfolio risk management. The bank did not utilize the services of third party vendors such as mortgage insurers, real estate appraisers and credit agencies and accomplished all the primary functions. Thus, Emlak Bank has been a primary mortgage market institution that dominates the housing finance market in Turkey.
Emlak Bank offered loans for the purchase of three types of housing units: those constructed by Emlak Bank, those constructed by the joint venture construction business in which Emlak Bank participated with builders or developers, and those constructed by any builder in the market. Among these three types, dwellings constructed by individual builders in the market were the biggest part of the housing stock of the bank's mortgage portfolio. Emlak Bank's own housing construction projects had 40% of the total housing loans originated and these projects, 18 in number, were developed in the four main cities of Turkey, Istanbul, Ankara, ‹zmir, and Adana. The market value of loans offered for Emlak bank's own dwellings was 56% of its total housing loan portfolio.
In terms of its loan products, Emlak Bank originated basically two types of housing loans in the late 1990s: Fixed Rate Loans (FRLs) and Index-Linked Housing Loans of Wage-indexed and Consumer Price-indexed. Whilst FRLs were offered as short term loans for all three types of the housing units mentioned above, the indexed loans were created as new mortgage instruments, especially for the purchase of the bank's own housing dwellings with 10 to 15-year maturity. The share of indexed loans in the overall residential lending was 31.3% in terms of the number of the loans originated. However, the market value of indexed loans (outstanding mortgage balance) had a higher percentage of 44%. Emlak Bank's share of this new housing credit was 79%. It is important to note that among the indexed loans, wage-indexed housing loans (WIHLs) were considerably larger percentage, 82%, compared to Consumer Price-indexed loans.
WIHL contract and housing finance policy during the late 1990s inflationary period. Emlak Bank originated a WIHL in 1998 based on one unique index, the Civil Servant's Wage (CSW) Index. The bank created this specific housing loan for middle-income civil servants, who are the main group of borrowers of housing loans with their state-guaranteed salaries. And the government introduced a policy to link the CSW index to the expected inflation. The aim of this policy was to facilitate housing finance to an important sector of the population, namely middle-income public sector employees.
The WIHL has a ten-year maturity with an initial maximum loan-to-value ratio of 75%. The monthly repayments are indexed to a measure of income in order to maintain the affordability of the loan to the household income. Because the repayments can vary, the loan term also must be variable to accommodate shortfalls in payments when wages are changing rapidly. The contract details are summarized in Table 1 . WIHLs differ significantly from the standard mortgage designs by having no contracted amortization rate. This housing credit instrument does not have periodic or lifetime caps that constrain the payment adjustments, and a pre-specified margin to be added to the current value of the CSW index. Also, there is no arrangement fee that is charged to the borrowers at loan origination. The adjustment amount of the outstanding WIHL balance, at a given semi-annual adjustment date, is calculated by multiplying outstanding balance by the Civil Servant's Wage Rate (CSWR), which is the percentage change in the CSW index. At the beginning of every January and July, the government announces the expected inflation and the Ministry of Finance sets the CSWR in line with the expected inflation over the next six months. That is, (1)
The actual inflation at a semi-annual date at time t+1, π a t+1 , may be higher or lower than the government's announced expected inflation at time t, that is, π a t+1 = t π e t+1 + ε t+1 (2) where ε t+1 is the unexpected inflation.
If actual inflation during the semi-annual period t+1 is higher than the officially expected rate announced at time t for period t+1 , the government pays out to civil service employees in cash the difference plus an additional fixed mark-up of 2%. For example, in January 1999 the expected inflation was π e 99/1 = 0.3, the CSW was also 0.3. Since the actual inflation in July 1999 was π a 99/1 = 0.35, the civil service employees received a cash compensation equivalent to an 0.05 increase in their wage, plus an additional fixed mark-up of 0.02 known as a welfare share, in July 1999. This unanticipated positive inflation compensation in July 1999 is for only the semi-annual period between January and July 1999 and it does not affect any future CSWR. Although the government adjusts the civil service employees' wage rate, the mortgage repayment (MP 99/2 ) is calculated based on the expected inflation only, which is then fixed for the next six months. Thus, Under the circumstances that the six-month cumulative value of actual inflation outpaces the expected inflation, and therefore the CSW index (see Equation 6a), there is no incentive for borrowers to default on their mortgages. This is because, first, their outstanding debt amount is adjusted to the CSW rate, which is lower than the actual inflation rate, and second, the increase in HPI is greater than the CSW rate. However, for the lender the real return is negative when π In a typical WIHL contract, the value of each monthly payment is determined in order to allow the principal to be paid in full by the end of the contract term. In the first semi-annual period of the contract, the repayment schedule is a fixed amount, which is calculated by dividing the total loan amount by the mortgage term, and there after at each monthly payment date, the outstanding balance of the borrower's debt decreases by the fixed amount of the calculated monthly payment. From the beginning of the second semi-annual period, the WIHL repayment schedule behaves as an adjusted payment mortgage. The outstanding loan balance is adjusted semi-annually in line with the percentage changes in civil servants' wages. Monthly payments are simply calculated by increasing the remaining loan balance parallel to the publicly announced CSW rate and then dividing the adjusted outstanding balance by the time to maturity (number of months remained). See the Appendix for the mathematical description of the WIHL repayment procedure.
Comparison of Mortgage Instruments under the Economic Environment between 1998 and 2003
The WIHL contract design is similar to that of the PLAM and DIM, which are based on an indexation formula that amortizes the loan balance. However, the WIHL contract does not have either a nominal or real amortization rate. This design has evolved specifically because the interest rate in Turkey has been highly volatile over the last 15 years. During the financial crises in 1994 and 2001 the monthly inter-bank money market rate reached 350% and 400%, respectively. The actual inflation rate peaked at 119% in 1994 and 73% in 2001, which resulted in extremely high real interest rate in these periods. Under these volatile economic conditions, the payment rate or amortization rate (as in the case of ARM and DIM contracts) on the mortgage would have resulted in extremely high mortgage defaults. In Mexico between 1986 and 1995 almost all mortgages were dual indexed mortgages, which were indexed to either the average cost of funds for all Mexican banks or 28-day Mexican Treasury notes. When the interest rate soared during this period, the mortgage defaults reached a record number in 1995 (Lipscomb and Hunt, 1999; and Lea, 1996 ).
An empirical study by Berüment and Malatyal› (1999) analyzed the behavior of the Turkish Treasury interest rates based on the Fisher hypothesis. This study uses the sample period from November 1988 to June 1998. In their regression of interest rate on expected and unexpected inflation, Berüment and Malatyal› found that both coefficients of expected inflation and inflation risk are statistically significant. The empirical findings reveal that while the interest rate is positively related to expected and unexpected inflation, the interest rate increases less than expected inflation. This empirical evidence supports Tobin's (1965) hypothesis that, during periods of high inflation (due to positive unexpected inflation) the real interest rate declines. The observed real interest rate has even become negative in Turkey (see Figure 1 ).
Under these circumstances, nominal mortgage contracts such as DIM and ARM would have resulted in payment shocks for borrowers leading to default risk, or would have produced negative real return for lenders, leading to real interest rate risk. Mortgages indexed to the expected inflation, such as WIHL, provide a protection against high mortgage defaults. Lenders also benefit from originating mortgages indexed to the expected inflation, rather than the highly volatile nominal market interest rate, as long as the real interest rate declines in high inflationary conditions. The PLAM and UDI mortgage contracts, which are fixed real rate loans, also insulate both the borrower and lender in real terms from the volatile interest rates. However, these mortgage designs suffer from major payment shocks in that if the inflation rate rises faster than wage rates for any period of time, the payment burdens of the borrowers can become unsustainable, resulting in a high level of defaults.
We now illustrate the costs and benefits of the WIHL contract with reference to the standard mortgage contracts of inflationary environments (PLAM, ARM, and DIM). For each of the mortgage designs starting from 1998, when the WIHL contract was originated, we calculate the amortization schedule for the first six years of a 10-year mortgage term with a loan balance of 15 billion TL. We exclude the UDI contract because it is not widely used and its indexation is quoted in money-like unit, which differs considerably from the WIHL structure. Table 2 presents the repayment schedule for each of the four mortgage designs. It can be seen that the outstanding mortgage balance of WIHL and DIM contracts rises over time. The WIHL borrower owes approximately 3.3 times the initial loan amount after six years and the DIM borrower owes 11.4 times the initial loan amount. In contrast, the remaining balance for the ARM contract declines systematically. The remaining balance for the PLAM declines sharply over the same period. As noted above, PLAM contract design uses the inflation rate, generally CPI, to revalue the mortgage balance at the end of each adjustment term. Since the inflation declined rapidly from 99% in 1997 to 18.4% in 2003, the outstanding balance plummets for the PLAM contract. The spike in this outstanding balance scheme in 2002 is due to the jump in inflation from 39% to 685%.
Over the six-year period, nominal annual payments for the WIHL and DIM contracts increase, at an increasing rate, every year. By the sixth year of the WIHL contract, the annual payment is 6.3 times greater than the initial payment in 1998. For the DIM contract, the annual payments begin at 1.55 
CPI t r
billion TL and soar to 12.45 billion TL, which is eight times greater than the initial payment. The initial nominal payment for the ARM contract is six to seven times higher than the other contracts. The standard ARM uses the same rate for both the coupon payment and amortization. This rate is normally pegged to the inter-bank deposit rate. In Turkey, the annual interest rate soared to 92% in 2001 financial crisis. Interest rates were also very high in 1998 and 1999, 74.6% and 73.53%, respectively, which resulted in significantly higher initial payments on the ARM contract. For the PLAM contract, nominal annual payment begins at 1.94 billion TL and declines to 635 million TL in 2003. PLAM's outstanding balance declines sharply and makes the annual payments almost negligible over this period.
In order to highlight the relative costs and benefits of these alternative mortgage contracts, we follow Cohn and Fischer (1975) . In their article, Cohn and Fischer define the main desirable characteristics of the mortgage instrument from the borrower's standpoint. First, the borrower is able to choose a particular payment-to-income ratio that can vary as desired over the life of the mortgage. Second, the borrower has the ability to budget the mortgage payments in the foreseeable future; therefore, it is desirable if the mortgage payment does not deviate widely from the trend ratio of payments to income. Finally, there is a low level of uncertainty about the real cost of the mortgage or the real rate of interest. Cohn and Fischer argue that the principal criterion to judge alternative mortgage designs is the stability of the payment-to-income (P/I) ratio. Table 2 presents the P/I ratio for each of the mortgage design over the period 1998 to 2003. For the ARM contract, the high nominal interest rate results in extremely high initial P/I ratio. For the first four years of the contract maturity, the P/I ratio ranges from 0.76 to 2.3. This implies that in high inflation economies the initial payment on the ARM contract is simply unaffordable for the borrower. Moreover, the P/I ratio for the ARM design creates a disparity in payments over the life of the contract, with excessive initial payments and insignificant payments nearer the end. The initial P/I ratio for the PLAM is 0.4. However, due to the continuous decline in inflation (except during the 2001 financial crisis) the PLAM P/I ratio is very low; it ranges between 0.02 and 0.18. Although the PLAM contract seems to be a very safe mortgage instrument for the borrower, there is no incentive for the lender to originate these mortgages because they have negligible repayments. In contrast to the declining inflation, which is observed over the sample period 1998 to 2003, the PLAM contract would have systematically increasing annual payments with persistently increasing inflation. Since the PLAM has a fixed real rate of interest, it is still beneficial for the borrower as stated by Cohn and Fischer (1975) . However, when the initial real rate of interest is very high the PLAM becomes unaffordable as is the case for the ARM contract. Besides, during periods when wages lag behind price increases, as in the 1994 and 2001 financial crises, the PLAM would exacerbate the adverse impact upon those borrowers whose income lag behind inflation.
For the WIHL contract, the initial P/I ratio is 0.37, which is noticeably lower than that of the ARM and PLAM designs. Since WIHL repayments are indexed to the civil servants' wage rate, the P/I ratio remains almost unchanged around its initial value. Therefore, the WIHL contract enables the borrower to maintain a stable P/I ratio. Although the initial P/I ratio for the WIHL contract is considerably higher than the generally accepted ceiling of 20 to 28%, Emlak Bank has continued to underwrite these mortgages for two main reasons.
(6) First, during the inflationary periods, house price appreciates more than the rate of inflation. Second, the WIHL contract is specifically designed for an upper-middle income borrower who can draw on other assets in the event of a short fall in mortgage repayment.
The DIM contract has the lowest initial P/I ratio of approximately 0.33. Over the six-year period, the P/I ratio increases to 0.46, which indicates that the DIM contract has a fairly volatile P/I ratio compared to that of the WIHL contract. The first payment of the DIM design is usually set as the percentage of the loan amount (see Chiquer 1998). Lipscomb and Hunt (1999) state that in Mexico, lenders typically originated DIMs with an initial monthly payment of 0.75% of the loan amount. We examine the inflation-indexed DIM design, in which the repayments are indexed to inflation and adjusted every six months. As can be seen in Table 2 , the annual payments are insufficient to amortize the principal in the long run. In fact, the short fall in payments becomes very large that the loan can never be repaid over its term. A very high level of interest rate, that is 74.6% to 92%, causes severe underpayment on the DIM contract. By the end of the sixth year, the DIM balance is more than 170 billion TL and the annual payment becomes more than 12 billion TL; since this amortization is practically impossible, the borrower would automatically default. DIMs with payments indexed to the wage would maintain payment affordability, but it can become tremendously costly in terms of the accumulated debt burden.
Our comparative analysis of alternative mortgage designs demonstrates that the standard ARM contract does not perform well in a high inflationary environment. Table 3 presents a summary of the mortgage design evaluation. It can be seen that the ARM design is particularly risky with a high interest rate risk and unaffordable initial payments. The DIM contract has a relatively lower or affordable initial P/I ratio, which is moderately volatile over the life of the mortgage. However, as in the case of the ARM design, the DIM contract also has an interest rate risk for the borrower. Due to the high nominal interest rate, both the inflation-and wage-indexed DIM design result in mortgage repayment shortfall or negative amortization which may lead to high mortgage defaults.
(7) The PLAM and WIHL contracts have a clear advantage in that they insulate the borrower from the adverse effect of high interest rates. The WIHL design has an almost stable P/I ratio, whilst the PLAM P/I ratio does vary considerably over the mortgage term. 
DIM Contract
After examining the payment-to-income ratio, we now discuss the loan-to-value (LTV) ratio of these alternative mortgage contracts. As noted earlier, the LTV ratio is another basic ratio that measures the credit risk (risk of default) on a mortgage loan. For the borrower to exercise his default option the market value of the house must be less than the market value of the mortgage debt. Analyzing the Mexican mortgage market, Lipscomb and Hunt (1999) argue that because house prices often lag behind inflation, the homeowner's equity erodes while the real value of the principal amount remains constant for indexed mortgages. Thus, when analyzing the index-linked mortgages the important question is whether property values move sufficiently in line with the repayment index so as to prevent the erosion of equity.
In Turkey, there is only a limited availability of information on the expected trends in and volatility of property values, especially at the individual sub-market level. The Housing Price Index (HPI), announced by the State Institute of Statistics, is the only index that incorporates current prices for building materials, labor costs, and land prices and so reflects price changes in the primary market for owner-occupied housing. As seen in Figure 2 , the cumulative percentage changes in HPI have considerably outpaced the changes in inflation between 1995 and 2004. Since the house price index appreciated faster than the inflation, the loan-to-value ratios of the WIHL and PLAM contracts are expected to decline continuously even though the unpaid principal have increased systematically for the WIHL design. As seen in Table 2 , the outstanding loan balance for the PLAM and ARM contracts are significantly lower than those for the other designs. Since the market value of homeowner's mortgage debt would always be less than the market value of the housing, there is no risk of negative equity. In contrast, the LTV ratio for the DIM contract is expected to be greater than unity, which clearly results in negative equity for the borrower and consequently high default risk for the lender.
Hence, for the lender, the WIHL contract seems to be an advantageous mortgage instrument in the high inflationary environment in Turkey. The lender benefits from the balloon payment structure of the WIHL contract that results in relatively higher loan-to-value ratios than the standard ARM and PLAM contracts. Since the WILH repayments are indexed to the borrower's income, the default risk is also low due to the lower payment burden problem for borrowers, especially in the early years of contract maturity. In addition, the WIHL contract does not have a negative amortization risk, as in the case of the DIM contract, which may result in high mortgage defaults. Although the WIHL contract seems to be desirable, it only meets the demands of upper-middle income households, not the requirements of a larger group of borrowers.
Under the stable economic environment of the last few years, where the real interest rate is systematically and moderately positive, we argue that WIHL is not an appropriate mortgage design for lenders. If the stable economic conditions of the recent years can be achieved for a certain period of time, it would certainly be better for the lender to withdraw the inflation-indexed mortgage instruments and adopt the standard mortgage instruments of moderate inflation economies such as FRMs and ARMs.
THE ROLE OF THE PRIMARY MORTGAGE MARKET IN ESTABLISHING A SECONDARY MARKET
The success of secondary markets for mortgages, particularly in the United States, has inspired developing countries to explore the use of this technique to increase funds available for housing finance and reduce significant housing shortages. Developing countries recognize that a dynamic secondary mortgage market can create a deeper capital market and housing policy that responds to the needs of the private sector. Figure 3 illustrates the secondary mortgage market (SMM) system, in which the functions of mortgage origination, servicing, risk-management and funding are managed by different specialized entities. Loan originators may be traditional depositors, mortgage companies or mortgage brokers. The institution that originates the loan may or may not be the one that services it. In the SMM structure, there are a wide variety of investors ranging from depositories (investing in loans originated and serviced by others) to mutual funds. In the global market they may be either domestic or foreign. The credit risk management is often specialized and provided by third parties such as mortgage insurance companies (see Lea, 2000) .
The SMM is dominated by large institutions that specialize in either purchasing mortgages or in lending funds to the institutions that hold the mortgages. (8) In the SMM system it is difficult to hide the mistakes because of the dependence of one institution on another. In contrast, in the primary mortgage system, a loan that is mispriced or has incomplete documentation can be hidden in the portfolio of the lending institution. If a loan is mispriced, the lender has an immediate loss. Even if the loan is properly priced, incomplete or erroneous documentation can make it necessary for the lender to repurchase that loan at a future date. Thus the quality of mortgages produced by the primary market becomes much more important in the SMM system. A well-functioning SMM eliminates the constraints that hinder the development of housing finance systems in emerging economies. Secondary markets have two main benefits. First, banks can remove the risks associated with holding mortgages by selling the loans to other investors through the secondary market. Second, secondary markets create standards for credit evaluation and collateral procedures that directly increase the efficiency of the primary markets for new mortgage originations.
There are several primary mortgage market prerequisites for the development of a secondary market. First, an active primary market should exist for the establishment of a secondary mortgage market. The primary mortgage market must be at a sufficient stage of development to produce a significant volume of loans to develop the secondary market infrastructure. The structure of primary market is another key factor in SMM development. The degree of competition in the primary market, which is determined by government policies, may have a major bearing on the readiness of lenders to participate in a secondary market. In a monopolistic market structure, the leading mortgage lenders usually are supported by financial and regulatory government incentives. They often prefer to offer mortgage rates less than those necessary to provide acceptable risk adjusted returns for investors. However, for the SMM development, mortgage rates must provide a return that is attractive relative to their alternative investment opportunities. The more competitive the mortgage market, the greater the potential for secondary market development. Third, the macroeconomic stability should be achieved in order to increase both the demand for mortgages and the supply of funds to housing finance sector. For the lender, mortgage instruments must be attractive investments. The cash flow from mortgages must be predictable so that investors can price and evaluate the risk of their investments. Reliable and consistent loan underwriting is another important condition for SMM development. Investors must have confidence that lenders are properly underwriting the mortgage loans and judging the risk. As described by Lea (2000) , all mortgage underwriting, whether traditional or modern, is based on three main factors: collateral, credit reputation and capacity. Each mortgage is backed by real property as collateral. An accurate assessment of the value of the collateral (an accurate appraisal) is fundamental to determining if the lender could cover losses from the sale of the house in the event of borrower default. A credit reporting system is also crucial for lenders to be able to track a borrower's history of repaying the debt and whether payment is up-to-date or delinquent. The borrower's financial capacity to repay the mortgage is the third important underwriting factor. The lender should evaluate the default (credit) risk of the borrower by calculating the mortgage debt-toborrower's income ratio.
Lastly, the standardization of the mortgage instrument is necessary for the development of the SMM system. The characteristics of the mortgages (e.g., amortization schedule, mortgage term, rate adjustment) should be uniform in order to facilitate larger pool size for securitization and obtain more liquidity for the sale of mortgage loans.
Development of a Secondary Mortgage Market (SMM) in Turkey
In Turkey, a well-organized and sufficiently deep primary mortgage market has not existed until recently. The government-subsidized HDA and two state-owned banks have expanded to fill the void left by the commercial banks in the mortgage sector and created alternative instruments such as longterm dual index mortgages, inflation-and wage-indexed mortgages, and short-term fixed rate housing loans. As noted earlier, the absence of an efficient primary mortgage market was due to the highly volatile inflationary environment and the monopolistic structure of the housing finance sector. In the last three years, however, inflation dropped to the lowest levels of the past 16 years. Obviously, the stable economic environment could provide incentives for commercial banks and private investors to invest in long-term mortgages. Under the conditions that steady state of the economy persists for a certain period of time, the standard mortgage contracts of moderate inflationary environments, such as the fixed-and adjustable-rate mortgages can be safely originated for the long-term. It is essential that the banks should originate similar types of mortgage products in significant amounts in order to create an active primary mortgage market. Mortgage contract designs, particularly the market indices that will determine the periodic mortgage repayments, should be selected carefully.
In Turkey, the banks predominantly used non-pricing rationing in underwriting their housing loans, using, for example, the basis of borrower's income and employment proof and credit history to allocate their loans. Instead of just relying on the credit worthiness of the borrowers, lenders should develop methodologies for credit risk management and use these methods in identifying the common features of borrowers and properties with delinquent loans. In this way, lenders can frequently adjust their underwriting standards that are based upon actual loan performance and best reflect the risk factors for borrowers. For Emlak Bank, underwriting standards for the mortgage loans was basically designed for upper middle income or higher income borrowers with greater assets to draw upon in the event of a short fall in mortgage repayment. The underwriting standards should be available to a larger group of borrowers by taking into consideration the mortgage debt-to-borrower's income ratio.
For property underwriting issues, most banks use internal staff such as architects or engineers to determine the collateral (real property) value. Occasionally, the banks may turn to outside help, such as Emlak Bank, which charges 1% of the mortgage loan amount for this service. Over the last few years, the Appraisal Institute in the United States has established coordinated education programs in Turkey and other developing countries, including South Africa and Korea. The main focus of the program is training independent experts that can value real estate collateral adequately and protect risks. In terms of the legal framework, there is a well-established property registration process. There is also a well-developed credit reporting system, in which the banks provide the Central Bank with names and data on delinquent borrowers. Therefore, all banks can obtain this information on defaulted borrowers from the central bank.
After creating a well-organized and active primary market, it is necessary to establish a secondary market for the mortgages. The Turkish government should play an active role in the earlier stages of the SMM development, as was the case in developed economies. Particularly, the government should help to create a kind of mortgage credit institution (MCI) that will purchase mortgages from the originators. (9) Assuming that the funding source of the MCI would be bonds of various maturities issued in the capital markets, this institution must have a high enough credit rating to issue bonds. Since it is difficult for private market institutions to cooperate in order to cover the large initial costs to set up such an institution, the government must be active in creating mortgage loan institutions. Jaffee and Renaud (1997) examine some specific principles that can guide a government toward providing efficient support for the SMM development. We might assume that the SMM takes the form of a MCI, which issues debt in the capital market and uses its funds to purchase mortgages from the private market institutions that originate them. In the initial stages of the SMM development, the government should share ownership with private market participants and contribute to the MCI's equity capital. Another primary role of the government is to guarantee the bonds issued by the MCI. Furthermore, the government should maintain a supervisory role reflecting its stake in the guarantees it provides on mortgages and the institutions operating in the SMM. The government should also set standards for the entire mortgage market. In particular, it should set regulations specifying the type of mortgage assets purchased and bond liabilities issued by the MCI.
Since the ultimate aim is to create an effective housing finance system in Turkey, not to support any specific group of lenders and borrowers, access to the SMM should be available to all lenders and borrowers who are able to offer properly underwritten mortgage instruments for sale. In this way, without the need for any central power, the private sector institutions that are originating efficiently mortgages and using the SMM system would be encouraged to do so. As the housing finance system develops, the MCI is likely to become profitable. In order to prevent the monopolistic power of a single MCI, there should be additional entries for competitive MCIs.
CONCLUSION
In 1998, the Turkish government, in collaboration with a state-owned bank (Emlak Bank) created a special wage-indexed housing loan (WIHL) in order to finance housing for middle-income civil servants. The success and usefulness of the WIHL instrument depends not only on the contract design itself, but also on the correct set of supporting actions and policies by the government. Emlak Bank created the WIHL as a specific contract design for middle-income public employees, who are the main group of borrowers of housing loans with their state guaranteed salaries, and the government introduced a policy target to keep the movements in the wage index in line with the expected inflation. This study concludes that, during periods of high inflation, the WIHL contract was a desirable housing loan from the perspective of both borrower and lender by providing insulation against highly volatile interest rates. However, Emlak Bank went bankrupt in the 2001 financial crisis. The bank ceased all of its residential lending activities and transferred all the existing housing credit accounts to another state-owned bank (Ziraat Bank).
Turkey has entered an entirely different economic environment during the last few years. Under the stable economic conditions of the recent years, alternative housing finance systems can be adopted from developed economies. We believe that it is necessary to establish a secondary mortgage market (SMM) in order to increase funds for housing finance. A successful secondary market can be developed if there is a sufficient volume of well-documented and underwritten mortgage loans that are serviced by professional organizations. We argue that the Turkish government has a crucial role in establishing the SMM system in the near future. The government must create an economic and legal infrastructure that can support the long-term, collateralized mortgage lending and encourage the private sector participants in order to establish a successful housing financial system in the country.
During the last year, the banking sector has expanded the mortgage loan products significantly. Currently, commercial banks are originating long-term mortgages (20 to 25-year contracts) at a 1.3% to 1.35% interest rate. The banks are rapidly constructing their mortgage portfolios, which is an important step for creating a secondary mortgage market in the country. Furthermore, newly developing personal pension (retirement) system, which may specialize in purchasing mortgages from the commercial banks, is another progression towards the establishment of a secondary mortgage market. Nevertheless, commercial banks, which aim to hold high percentages of mortgage loans in their asset portfolios, may face high interest rate risks if the existing stable conditions in the economy cannot be achieved in the future. 5. The term "mortgage" can be used for the housing loans that were originated by the HAD's loan originator banks, of Emlak Bank, Pamuk Bank, and Vak›f Bank. Unlike the short-term loans originated by commercial banks, these mortgages were long-term and collateralized housing loans.
6. McCulloch (1986) states that for the PLAM contract the lenders generally imposed a ceiling of 20% on the initial ratio of the loan payment to the borrower's income. As inflation appeared to become more reliable, lenders increased this limit to 25% then to 28% and sometimes even higher. For the ARMs, the commonly used ceiling on the initial P/I ratio is 28%.
7. It is important to note that over the period we used in this study, the real rate of interest was considerably high. During periods when the real interest rate is negative, as between 1987 and 1997, the ARM is still very risky for the borrower because the interest rate ranges from 40% to 76% and would result in unaffordable initial payments. For the DIM contract, there is still a risk of negative amortization due to high enough interest rates. On the other hand, extremely high inflation rates, which result in negative real rates of interest, will lead to unaffordable payments for the inflation-indexed DIM borrower.
8. Investing in mortgages exposes the investor to default and prepayment risk. An alternative way for the investors is to invest in mortgage-backed securities. This is a security created when one or more holders of mortgages form a pool of mortgages and sell shares or participation certificates in the pool. When a mortgage is included in a pool of mortgages that is used as collateral for a mortgage backed security; that is the mortgage is securitized. The cash flows of a mortgagebacked security depend on the cash flows of the underlying mortgages. 
APPENDIX
For a typical wage-indexed housing loan (WIHL), in the first semi-annual period, the monthly payment (MP) is a fixed amount, which is calculated by dividing the total loan amount (L) by the mortgage term (n), and there after on each monthly payment date, the outstanding balance (OB) of the borrower's debt decreases by the fixed amount of MP. i = the i th adjustment period for mortgage payment; the total number of adjustment periods = 120 months / reset frequency. Thus, i = 1, 2, ..., 20 periods. j = the j th monthly payment date in the i th adjustment period, where 0 ≤ j ≤ 6
From the beginning of the second semi-annual period, the monthly repayment schedule behaves as an adjusted payment mortgage, and the outstanding balance is adjusted semi-annually in line with changes in the CSW rate. Monthly payments are calculated as where η i = the number of remaining months from adjustment period's beginning to the contract maturity. Thus, OB(i,0)*(1+CSW (i,0) ) is the CSW rate-adjusted outstanding balance that determines the monthly payments with time to maturity parameter η i .The outstanding debt amount after the payment date t(i,j) is 
for i = 2,3, …, 20 (A3) 
